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ABSTRACT: Land and water is one of the major natural resource which has an important role for human life. 
Exploitation of land in catchment areas that not correspond to its carrying capacity will cause damage. One of the effect 
is increassing the soil erosion. Continuous erosion will also lead to increased sediment transport in rivers that disrupt the 
ship navigation on estuary due sediment accumulation. At present, soil erosion is estimated using USLE method, which 
is only limited to the erosion in the form of sheet erosion. The purpose of this study is to determine the influence of rill 
density on soil erosion compared to USLE-soil erosion mtethod. The research was conducted at the Hidrotechnics 
Laboratory, Civil Engineering Department, Syiah Kuala University, using test plots with size: length 150 cm, width 80 
cm and 20 cm, planted with elephant grass (Penisetum purpureum) and adjusted land slope of 0o, 10o and 20o. The 
artificial rain is produced using a rainfall simulator with  intensity of 8, 10 and 12 mm per minutes, and  rill density of 0, 
1, 2 and 3 m/m2. The results is tested by Anova and  t distribution at 5% confidence level to see the effect of rill density 
on the soil erosion. Results showed that the soil erosion will increase when rill density is increased. If compared to 
USLE estimation, the soil erosion increase 4-14 times due to the presence of rill. Based on statistical tests on regression 
models obtained F = 110.052 > F (0.05; 32; 4) = 5.739, and t = 3.942 > t (0.05; 4) = 2.777, indicating the real effect of the 
presence of rill density. It is recommended that the rill density coefficient is necessarily  considered when estimating 
erosion using USLE method. 
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INTRODUCTION 
Land and water is one of the major natural resource 
which has an important role for human life. Exploitation 
of land in catchment areas that not correspond to its 
carrying capacity will cause damage. One of the effect is 
increassing the soil erosion. Continuous erosion will also 
lead to increased sediment transport in rivers that disrupt 
the ship navigation on estuary due sediment 
accumulation. At present, soil erosion is estimated using 
USLE method, which is only limited to the erosion in the 
form of sheet erosion.  
At the present, soil erosion was estimated using 
methods of  USLE.  This method is only limited to 
estimate the erosion on land in the form of sheet.  The 
fact not all land has a full sheet form, but the land is 
encountered rill. Mancilla (2005), said that about 90% of 
soil erosion that occurs in some areas of the United 
States caused by rill erosion. These results were obtained 
from observations of the flow velocity is performed for 
various conditions of flow.  Furthermore, Nissen  (2004) 
in Zegeye (2009), when compared to surface erosion, rill 
erosion  have different characteristics.  Rill erosion  
eliminate more of the topsoil compared with surface 
erosion. However, the two studies above do not provide 
quantitative magnitude of the increase in the amount of 
erosion caused by the presence of rill on the land, when 
compared to the USLE methods.  Further research above 
also does not give a clear picture of the influence of the 
density of the rill against erosion. It would require 
further studies to include variable density flow in 
assessing soil erosion. The purpose of this study was to 
determine the influence of rill density on the rate of land 
erosion by direct measurements in the laboratory using 
the test plots.  
The benefits of this research are expected to provide 
input for the development of science, particularly erosion 
and sedimentation.  Furthermore, as input for users who 
are directly involved in anticipating the sedimentation 
processes that occur in reservoirs and river.  
  
LITERATURE REVIEW 
 
Soil Erosion  
Soil erosion is essentially process of flattening the 
earth's crust that includes the release, transport and 
deposition of grains of soil.  For Indonesia's tropical wet 
the soil erosion process caused more by the water, due to 
the rain falling on the earth's surface. Based on the 
occurrence, soil erosion can be differentiated into 
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various shapes as shown in Figure 1, are as follows: 
(Fares, 2002):  
1. Splash erosion, is the process of detached soil 
particles from the top of soil by the kinetic 
energy due to rain water; 
2. sheet erosion, is the erosion that occurs when a 
thin surface layer of soil in sloping areas eroded 
by a combination of rainwater and runoff; 
3. Rill erosion, is peeling followed by transport of 
soil particles by concentrated flow of runoff in 
chanel; 
4. Gully erosion,  is such a form a deeper rill line 
and width, and an advanced level of the rill 
erosion; 
5. Streambank erosion, is the soil erosion on the 
side slope of the river and the riverbed by river 
water flow.  
. 
 
Fig. 1 Types of Erosion 
 
Prediction Model for Soil Erosion  
Erosion is determined from the success or failure of a 
land management.  Therefore, erosion is a factor to be 
considered in land use planning and management.  One 
of the tools that can be used in land use planning is the 
erosion prediction model, (Arsyad 2010).  Modeling soil 
erosion is a depiction of mathematical processes of the 
destruction, transport, and deposition of soil particles 
above the surface of the land. These models generally 
estimate erosion is an empirical model.  Erosion 
prediction model which is an example of empirical 
models, among others, is the Universal Soil Loss 
Equation (USLE), the improvement of the USLE model 
is the Revised Universal Soil Loss Equation (RUSLE) 
and the development of the USLE is MUSLE (Modified 
Universal Soil Loss Equation), (Nazia, 2010).  
USLE erosion method is a model designed to predict 
average soil erosion in the long run from an area farm 
with cropping system and certain management, 
(Wischmeir, 1978).  USLE equation’s can only speculate 
as annual soil erosion from surface erosion that occurs 
on the profile of the landscape, so called, sheets.  USLE 
was developed on the basis on factors of 
topography/geology, vegetation and meteorology, as 
formulated in the equation (1),  (Wischmeir, 1978): 
  
A = R x K x LS x C x P                 (1) 
 
where:   A    = amount of soil erosion (ton/ha/year);  
R    = rainfall factor, (KJ/ha);  
K   = factor erodibilitas land (tons / KJ);  
LS = length-slope factor;  
C   = vegetation cover factor of soil;  
P   = soil conservation measures factor, 
                  
RESEARCH METHODOLOGY 
 
Experimental Setup 
The research was conducted at the Laboratory of 
Hidrotechnic. the Faculty of Engineering, Syiah Kuala 
University. Soil sample put in test plots sizing 150 cm 
long, 80 cm wide and 20 cm high and filled by 15 cm 
soil depth. Soil is compacted to obtain the same density 
in each test plot.  Furthermore, on each plot rills formed 
randomly with different densities, as shown in Figure 2. 
Test plot is set up with slope 0°, 10° and 20°. The 
erosion is measured under three kinds of intensity, 
overall measurements of erosion is shown in 
experimental design in Tabel 1.  
.
 
 
Fig. 2 Lay out of Test Plot
 
Tabel 1 Experimental Design of Erosion 
Rainfall 
Intensity 
(mm/5 mnt) 
Rill Density 
RD = 0 m/m2 RD = 1 m/m2 RD = 2 m/m2 RD = 3 m/m2 
Slope (S) 
0o 10o 20o 0o 10o 20o 0o 10o 20o 0o 10o 20o 
37,50 YES YES YES YES YES YES YES YES YES YES YES YES 
50,00 YES YES YES YES YES YES YES YES YES YES YES YES 
62,50 YES YES YES YES YES YES YES YES YES YES YES YES 
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Data Analysis  
Multiple linear regression is used to find the 
relationship between the dependent variable (Y) with two 
or more independent variables (X 1, X 2, ....., Xn).  In this 
study the erosion (A) is the dependent variable while the 
rainfall intensity (I), slope (S) and the rill density (RD) 
are an independent variable, or can be written as the 
following equation.  
 
A = f (I, S, RD)                  (2)  
 
Equation (2) when constructed in the form of multiple 
regression model can be written as the equation below.  
 
A = b0 + b1I + b2S + b3RD + e                 (3)  
  
where:   A = number of eroded soil (g / m 2)  
  b 0, b 1, b 2 and b 3 = regression coefficients  
  I = rainfall intensity (mm / 5 minutes)  
  S = slope (°)  
  RD = density plot  (M / m 2)  
  e = error  
 
Statistical analysis used in testing the regression 
model was built consisting of regression models and 
regression coefficients.  Regression model was tested 
with the F distribution and regression coefficients were 
tested using the t distribution with the confidence level 
(confident level) α = 5%.  
 
Calibration USLE  
The calibration of USLE and Regression Model can 
be written as follows:  
  
Am = CAe                               (4)  
 
 where:  A m = erosion model results (g / m 
2)  
Ae = erosion USLE or MUSLE estimation            
results (g/m 2)  
  C    = calibration coefficient  
 
The suitabllity of the equation above is tested byhe the 
correlation coefficient, calculated by the following 
equation: 
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The more value of R toward 1, the stronger the 
relationship between the model and estimation.  
 
RESULTS AND DISCUSSION 
  
Physical Properties of Soil and Vegetation  
Based on the laboratory analysis, showed that the 
type of soil used in this study had a very fine sand 
content of 6%, clay 33%, 46% of dust and organic matter 
content 2.51%.  Furthermore, a permeability index 5 and 
index structure 4.  Soil that used to have clumping 
properties and penetration of water is rather slow, 
because the low permeability of 1 cm/hour due to very 
fine grains contain very dominant. So the land can be 
classified as clay. 
Vegetation types used are elephant grass (Penisetum 
purpureum).  This grass has physical properties, namely; 
a leaf width from 0.5 to 1 cm and 5-15 cm length, with a 
root zone depth of 3-7 cm.  This grass has a tightly 
woven roots and the perfect closure of soil. 
 
Measurement of Soil Erosion  
The results show that soil erosion increases with 
increasing rainfall intensity, slope and rill density  on the 
soil. Figure 3 describes the measurement results of 
erosion on soil that has a slope angle (S): 0o, 10o and 20o 
with a rill density (RD): 1, 2 and 3 m/m2. Analysis of 
rain erosion done by giving the intensity I 1 = 37.5 mm/5 
min, I 2 = 50 mm/5 min and I 3 = 62.5 mm/5mnt. 
 
 
Fig. 3 Analysis of Erosion in terms of the Intensity of 
Rain. 
  
 
Fig. 4 Analysis of erosion in Terms of slopes 
 
Results of analysis were found that soil erosion 
increases with rainfall intensity changes, but the increase 
is not too significant.  It can be seen in Figure 3, where 
the line on the graph to the intensity I1, I2 and I3 is almost 
coincident at each rill density  and the slope.   These 
indicate that although the intensity of rain increased, but 
the increase in erosion ranged between 1.25 to 1.30 
times to the smallest value. 
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When compared with Figure 4 which is from slope 
effect side, the amount of erosion due to increased 
intensity. erosion rather less than due to  increasing 
slope, namlely in between 1.25 to 1.50 times. This shows 
that the effect slope also influence the process soil 
erosion.   
The same pattern as Figure 5 also occurs when 
viewed from the side of the rill density changes on land 
that has the same intensity and the slope.  Erosion 
increased significantly with increasing density of rills in 
the test plots.  It can be seen from the line pattern formed 
on the graph Figure 5, where the slope of the line at RD 
= 0 is more gentle compared with the RD = 1, 2 and 3 
m/m2..  These results indicate that due to the addition of 
the rill density increases erosion between 4.51 to 13.86 
times .  This figure is quite significant magnitude when 
compared with the amount of erosion that occurs due to  
increasing of slope and intensity.  
 
 
 Fig. 5 Analysis of Erosion in Terms of Rill Density. 
  
The results of analysis of the three conditions above 
can be concluded that the erosion that occurs very 
predominantly influenced by the rill density, while the 
slope and rain intensity little effect on erosion.  
Therefore, it should be in good erosion estimates using 
USLE methods to consider the influence of the rill 
density.  For details how exposure to these three 
variables to erosion can be seen on the model that was 
built in the following sections.  
 
Soil Erosion Model  
As the above explanation, erosion on a land not only 
influenced by rainfall intensity (I) and slope (S), but also 
greatly influenced by the rill density (RD).  Based on the 
analysis using multiple regression analysis obtained by 
the erosion model can be developed as in the following 
equation. 
167,98964,4503,1796,74  SIRDA
           (6) 
From equation 6 can be seen that erosion is dominant 
due to the presence of rill when compared with the 
intensity of rain and even the slope.  It can be seen from 
the coefficients of the rill density is 74.796, much higher 
than the coefficient of rainfall is 1.503 and the slope 
coefficient of 4.964.  This is in accordance with the 
explanation of the graph in Figure 3, 4 and 5 above.  But 
in order to see the feasibility of the model needs to be 
done test statistically.  
 
Statistical Test for Model  
To see a match of  results between the measurement 
and  model can be tested by looking at the extent of 
correlation of the two results.  The relationship of model 
results and measurements can be seen in Figure 6.  In the 
picture is shown that between the value of erosion model 
and measurements coincide with the line that has a 
gradient of 0.97 and close to 1.  Furthermore, in terms of 
correlation, both variables models and measurements 
also have a very strong relationship, it is pointed out of 
the coefficient of determination (R2) = 0.905.  This 
suggests that the model results and measurements have 
tended to the same value and have a strong relationship. 
  
 
Fig. 6 The relationship Erosion Models and 
Measurements  
 
To see fit regression equation which is constructed, it 
can be tested by analysis of variance.  From the results of 
erosion models and measurements obtained by 
calculating the value F = 110.052, while the value of F 
table with a confidence level  = 0.05, degrees of 
freedom (v1) = 32 and v2 = 4 is obtained F(0.05, 32; 4) = 
5.739.  Since Fcalculated > Ftable, it can be concluded that 
the absence of rainfall intensity relationship, the rill 
density of slope against erosion and rejected, so the 
regression equation is built very well be used to predict 
erosion. 
  
Statistical Test for Rill Density Effect  
Furthermore, to see the effect of the erosion rill 
density may be tested by t-test.  From the calculation 
obtained tcalculate = 3.942, while the ttable with a confidence 
level  = 0.05, v1 = 4 obtained t(0.05, 4) = 2.777.  Because 
tcalcultae > ttable, it can be concluded that there is no 
relationship between the rill density againts the erosion 
was rejected, so the rill density is very influential to 
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erosion. So overall it can be concluded that the model is 
built very feasible for use in estimating erosion. 
  
Estimation of Soil Erosion  
To estimate the erosion that occurs on the test plots is 
used by methods of USLE in which all the.components 
and coefficients used in these equations was adapted to 
the conditions of test plots, ( Nazia, 2011). 
 
Rain erosivity index (R)  
From the analysis of the rainfall intensity (I) = 450, 
600 and 750 mm/hour, the kinetic energy (Ek) = 357.14, 
368.26, and 376.88 ton-meter/ha/cm rain, then with I30 = 
225, 300. And 375 mm/hour was obtained rainfall 
erosivity (R) of 80.36, 110.48. and 141.33 KJ/ha, 
respectively. 
 
Erodibilitas Land (K)  
On the base of soil physical properties obtained, 
consisting of  very fine sand content of 6%, clay 33%, 
46% of dust and organic matter content 2.51%,  a type of 
soil is clayi clay.  This soil types have properties that 
clotted (blocky) and penetrated graduation rates of water 
is rather slow (1 cm/hour).  On the basis of this soil type 
is included in the permelity index 5 and index structure 
4.  Erodibilitas factor (K) is obtained 0.430.  
 
Slope length and slope (LS)  
With the sheet length (L) is 1.5 m and the slope (S) 
of  0°,10° and 20°.  So the value of LS obtained are: 
0.038: 0.737, and 2.417  
 
Crop Management Factor (C)  
Test plots in this study were planted with elephant 
grass. so the value of factor C can be approached by the 
factor C to scrub or grassland is 0.3.  
 
Conservation measures factor (P)  
The  factor of conservation (P) is determined based 
on conditions at the time of the study, where 
conservation action is carried out with a strip of grass 
plants which has P = 0.4. 
The results of the five components above is put in the 
equation (2) to get the amount of erosion that occurred.  
Based on the calculation, soil erosion that occurred 
ranged from 1.66 gram to 207.14 gram in 5 minutes and 
1.2 m2 area of plot..  
 
Calibration Methods of USLE  
When compared to the measurement results for each 
density plot (RD = 0, 1, 2 and 3 mm/m2) and USLE 
estimates, there are significant differences between the 
two results.  It is necessary to calibrated between these 
two values. Table 2 shows the calibration coefficient for 
RD = 0, 1, 2 and 3 m/m2 between measurements with 
USLE estimates, and between models with USLE 
estimates shown in Table 2 below.  
 
Table 2 The Value of  CRD-USLE for Variation Rill 
Density  
  C rd-USLE  
 Rill Density  Measurement  Model  Average 
 0  0.231  0.505  0.37 
 1  1.035  1.062  1.05 
 2  1.904  1.619  1.76 
 3  2.249  2.176  2.21 
 
From the table above can be seen that there is a 
difference between the measurement and models with 
USLE estimation.  Calibration numbers tend to increase 
with increasing density of the flow, It can be seen from 
the pattern of an ascending line, as shown in Figure 7. 
Furthermore, relations between the two variables is very 
strong because it has a coefficient of determination (R2) 
= 0.991, so it is possible to build regression models. 
Based on the analysis, it is obtained that the influence 
of the density of rill is very significant increasing soil 
erosion compared to USLE estimation method.  
Therefore, It required a calibration coefficient due to the 
presence of a rill on when estimating soil erosion using 
the USLE. 
   
 
Fig. 7 Relationship rill density and calibration coefficient 
(CRD-USLE) 
  
Based on values in the table 2 above, it can ce 
constructed a model of relationship between density 
calibration coefficients and rill density as shown in the 
equation below. 
  
 C RD RD-USLE = 0.624 + 0.410                                    (7)  
 
Equation 7 can be used to predict the coefficient of rill 
density calibration at various rill rates for the land 
covered with elephant grass.  USLE equation can be 
modified iform of n the new equation by inserting the rill 
density coefficient (C RD) as below.  
 
 A = C RD. RKLS.CP                 (8)  
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Or it can be written in full by substituting  equation (7) 
into equation (8) as the following equation.  
  
A = (0.656. RD +0.431). RKLS.CP                (9)  
 
where RD is the rill density (m/m2), while the R, K, LS, 
C and P coefficients are the same properties as USLE 
equation.  
 
CONCLUSIONS AND RECOMMENDATIONS 
 
Conclusion  
From the results of research and discussion above 
may be taken several conclusion, among others;  
 
1. Rill density is very influential in determining 
erosion on a land, where the results indicate that 
the greater rill density on a land, the greater 
erosion quantities. 
2. The presence of rill in an area can increase the 
erosion of land between 4 up to 14 times to land 
without a rill. 
3. It required a calibration coefficient due to the 
presence of a rill when estimating soil erosion 
using the USLE 
  
Recommendations  
For the development of research that has been 
established for the sake of advancing the science of 
erosion and sedimentation, there are a few 
recommendation that need to be proposed, namely;  
 
1. Need to include  the rill density factor in 
estimating soil erosion by using the formula 
USLE.  
2. Need to further research the influence of 
variations in soil and plants against soil erosion, 
as well as the influence of variations in the 
duration and distribution of rainfall on soil 
erosion. 
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